Kinetic dependence to HIV-1 entry inhibition.
Infection by human immunodeficiency virus type 1 (HIV-1) involves the fusion of viral and cellular membranes mediated by formation of the gp41 trimer-of-hairpins. A designed protein, 5-Helix, targets the C-terminal region of the gp41 ectodomain, disrupting trimer-of-hairpins formation and blocking viral entry. Here we show that the nanomolar inhibitory potency of 5-Helix (IC50 approximately 6 nm) is 4 orders of magnitude larger than its subpicomolar binding affinity (K(D) approximately 0.6 pm). This discrepancy results from the transient exposure of the 5-Helix binding site on gp41. As a consequence, inhibitory potency is determined by the association rate, not by binding affinity. For a series of 5-Helix variants with mutations in their gp41 binding sites, the IC50 and K(D) values poorly correlate. By contrast, an inverse relationship between IC50 values and association rate constants (k(on)) extends for over 2 orders of magnitude. The kinetic dependence to inhibition places temporal restrictions on an intermediate state of HIV-1 membrane fusion and suggests that access to the C-terminal region of the gp41 ectodomain is largely free from steric hindrance. Our results support the importance of association kinetics in the development of improved HIV-1 fusion inhibitors.